Abstract-A new sensitive measurement method for the human micro-vibration (MV) is presented using a pico-Tesla resolution magneto-impedance sensor (pT-MI sensor). Various MV such as for the spinal-cord, the heart beat and following blood flow pulsation, and muscle tremors are stably detected by touching the skin position directly or indirectly via any solid transmission media to the sensor head which is dynamically rotated with more than 1.8 micro angular degree in the geomagnetic field. A blood flow promotion effect is detected using the MV sensing at the shoulder and the back of subjects after application of 6 Hz, 1 µT pulse magnetic field in 10 min.
INTRODUCTION
Since a finding by H. Rohracher in 1946 [1] , the micro-vibration (MV) of the human skin have been widely investigated up to now comparing with the electroencephalogram (EEG) and electrocardiogram (ECG) with aspects of the physiology [2] , the clinical application to the central nervous system (CNS) diseases [3] , and the psychological application [4] . In the psychiatric clinical application, the frequency spectrum of MV is considered corresponding to that of the EEG such that normal subjects show the highest 8-13 Hz components as the α wave comparing with neurosis patients showing the highest 3-7 Hz components (θ wave) and schizophrenia patients showing the highest 14-40 Hz (β wave), respectively [3] . Recently, the MV attracts attention for measurements of bio signals at the spinal-cord and other various position of the human body such as the thenar and the parietal for the CNS diagnosis and personal monitoring of physiological and psychiatric conditions at the peripheral nervous system (PNS) such as median, ulnar, ischiatic and tibial nerves for dairy health in which application of the ECG and EEG is difficult in the sensitivity and instrument usability.
For measurement of the MV, the piezo-electric element acceleration sensor (PZA sensor) has conventionally been used which is adhered on the skin and detects the MV stress (force). Therefore, a signal to noise ratio (S/N) of the PZA sensor decreases when the MV displacement is measured by double time integration of the PZA output using analog integrator circuits with a low accuracy for ultra-low frequency range. On the contrary, we constructed a highly sensitive magnetic field sensor having 1 pico-Tesla (0.01 µG) resolution using the amorphous wire & CMOS IC MagnetoImpedance sensor ("pT-MI sensor") [5] for detection of the MV displacement. The MV displacement is measured when the skin displacement rotates the pT-MI sensor head with more than 1.8 micro angular degree in the geomagnetic field.
SPINE MICRO-VIBRATION MEASUREMENT
A spinal cord bio signal reflects the consciousness activity for control of four limbs motion with the voluntary muscle and the motion state of four limbs. The autonomous motion of inner organs with the smooth muscle also generates a bio signal at the spinal cord. However, measurement of the spinal cord bio signal is rather difficult using an electric method such as the ECG and EEG due to unmeasurable level of the electric signal. Figure 1 represents measured results of the spinal cord MV signal for a 68 aged healthy man quietly sitting on a stool using the pT-MI sensor in which a center position of the spinal column of the subject touches perpendicularly to the pT-MI sensor amorphous wire head via his cloths. The upper part is at the eyes open state and the lower part is at the eyes closed state, respectively. Sensor output represents as a magnitude of the magnetic field Hz due to a change of the sensor head rotation in the geomagnetic field of around ±50 µT, where 1 nT corresponds to a dynamic change of 1.8 × 10 −3 angular degree. Figure 1 in (a) , and for 48 aged man quietly sitting on a stool in (b). Both cases showed a remarkable change in the frequency spectrum while almost no change was observed in the amplitude of the MV time series. The magnitude of 3-7 Hz components increased with more than 2 times when eyes closed, which corresponds to the increase of the θ wave (4-6 Hz components) in the EEG when eyes closed due to decrease of the consciousness. Measured results suggest a possibility of detection of the consciousness degree at the spinal column position even on the cloths. 
BLOOD-FLOW MICRO-VIBRATION MEASUREMENT
The MV originated by the blood flow pulsation is also detected using the pT-MI sensor as illustrated in Figure 3 . A MV time series of a 68 aged man quietly sitting on a chair at his right-side shoulder on the cloths after a hard writing work showed a highest frequency spectrum component of around 6 ∼ 7 Hz in (a) in which his blood pressure was around 140 mmHg in the maximum and around 90 mmHg in the minimum. The MV time series changed as shown in (b) after sitting quietly in a 1 m diameter coil generating 6 Hz, 1 µT magnetic field in 10 min which reveals a highest frequency spectrum component of around 1.2 Hz due to promotion of the blood flow possibly due to increase of the vascular softness. The blood pressure decreased to around 116 mmHg in the maximum and 74 mmHg in the minimum, respectively. Similar change of the MV was obtained for a 69 aged woman quietly sitting on a stool at her right-side back on the cloths showing the highest frequency spectrum component of around 4 Hz in (c). The MV time series changed as illustrated in (d) after sitting quietly in the same coil magnetic field in 10 min with the highest frequency spectrum component of around 1.1 Hz due to promotion of the blood flow. These measured results are estimated as a possible evidence of the Magneto-Protonics in which a ultra low frequency magnetic field promotes the bio-cell energy ATP production with activated proton in the cell water [5] . The effect of the magneto-protonics using 6 Hz, 1 µT in 10 min continued around 20 min, after that the MV time series returned from (b) and (d) to (a) and (c), respectively.
DISCUSSIONS
The origin of the MV has been widely discussed up to now with the cardio ballistic vibration and some automatic oscillation of muscles. Both cases seems to be appeared in Figure 3 , where a cardiac ballistic accompanied tremor in (a), and an autonomic vibration in (b). Recently, mechanisms of automatic oscillation of the smooth muscle is clarified with a series of cell operations such that (1) a pacemaker neuron in the local neural network triggers to open Ca 2+ channels with the active electric potential in the cell membrane, (2) Ca 2+ connects with the protein Troponin-C, and then (3) smooth muscle tension starts [6] . The pacemaker neuron operation is modulated with the autonomous nervous system with the sympathetic and parasympathetic nervous system which is controlled with the brain function. The whole body surface is covered with the smooth muscle including the blood vessel muscle resulting the MV at arbitrary position of the whole body skin. We measured the MV at various positions of the skin of a 68 aged man confirming the highest frequency spectrum component changed from around 3 ∼ 4 Hz to 6 ∼ 8 Hz with tension at the voluntary muscle surface, while no change at the little muscle surfaces such as the glabellar with 2 Hz due to the eyeball oscillation, the elbow, the knee, the nose, and the malleolus with around 3 Hz. The MV is transmitted via any solid such as thin wood bars up to 4 m long, alloy rods and pipes, ceramics, cloths, plastics, and ice while no transmission in water and gases.
CONCLUSIONS
(1) The MV is stably detected using the pT-MI sensor in the geomagnetic field by touching a human skin position directly or indirectly via any solid to the sensor head. Further MV measurements are needed for larger number normal and patient subjects for MV application to medical diagnosis.
